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Abstract:
 This thesis explores the field of medical research for data to sup-
port the assertion that today’s coding standards are not performing in a 
way that fully addresses the needs of occupants of the built environment. 
This thesis will pull from the fields of psychology, physical medicine, and 
architecture to establish what current codes are, how they are deficient, and 
how they can be rectified, improved upon, or added if not already existing. 
The method used to establish the criteria of basic needs for healthy human 
function is established through understanding of how light, sound, and 
overall spatial quality effects the people using a space, and then criticizing 
the current code standards to show how they either do or do not satisfy 
the needs of occupants. The results of this thesis will be a suggested set of 
new or amended guidelines set forth for architects and designers to follow 
or consult when designing or reconditioning a structure to assess if it is 
doing the most for its occupant, and establishing new minimums of design 
to prevent the further construction of sub-par architecture. In conclusion, 
the findings of this thesis find the current state of code defined design 
minimums to be severely lacking in affording occupants high quality living 
spaces. Research indicates the field of architecture to be nearly twenty years 
behind the fields of psychology and physical medicine in terms of occupant 
care in residential typologies. 
Key words: Architecture, spatial health, Lighting, LEED, IBC, mental health
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 In today’s world, people spend 90% or more of their time indoors 
or within a structure. Yet we know far more about how our ambient 
environment—weather, the sun, and other natural elements—affects us 
than we know about how our built environment affects us and influences 
one’s health. There is evidence that indicates that our built environment 
is negatively affecting our wellbeing physiologically and psychologically. 
Characteristics such as the lighting conditions, acoustics, and natural 
involvement within our built environments have dramatic effects on our 
wellbeing. Architects and design professionals have long safeguarded 
the health and wellbeing of the people who use their buildings and have 
been allowed to do so by staying on par with the latest research regarding 
building techniques and health studies. A great disparity between 
architects and medical science has arisen as the medical field has grown 
increasingly advanced. Mainstream architecture is ignorant of how to 
apply these new changes, through only partial fault, as medical science 
has become increasingly difficult to understand. This publication will 
provoke additional thought about and explore what those effects are, and 
how modern scientific and medical research can be utilized by designers 
and applied to our built environments. This publication will also explore 
how to bridge the gap between medical science and the field of practice 
of architecture and urban development by breaking the research down 
into applicable strategies. These applicable strategies will arise from the 
breakdown of modern medical science and case studies into packages of 
knowledge architects can digest and understand easily. Using the smaller, 
applicable, packages of knowledge; designers will be able to freely design 
freely based on current research rather than being prescribed a solution 
via minimum and maximum constraints. Designing based on outdated 
constraints combined with the ‘least cost, most effect’ policy that most 
developers practice has yielded the problems within the environment  
Introduction: The Problem:
The Proposal:
 The goal of this thesis project, and related research is to generate 
new design guidelines for designers and architects to follow for new build 
and renovation projects that use current medical and scientific advance-
ments in the areas of lighting, acoustic mitigation, natural involvement, 
and spatial organization. These guidelines seek to serve as a tool kit or kit 
of parts for architects to utilize on the fly rather than a set of prescriptive 
designs. This body of research will present contemporary medical science 
in an easily digestible way that designers can use in their designs without 
limiting design potential. 
 Today’s built environment suffers from unintuitive spatial design, 
and limited affordances for the human condition. People living in dense 
urban environments suffer from almost twice as many hours of down time 
as a result of a toxic working and living conditions. This publication will 
focus on the residential environment of the urban and  suburban United 
States as well as current building coding developed for use in safeguarding 
the Health, Safety, and Well fair of building occupants in all occupancies. 
The main coding that will be explored in this text is the International 
Building Code (IBC), Leaders in Energy Efficient Design (LEED), and 
WELL Building Standards. 
 The analysis of codes serves to establish what the current baseline 
of design is (IBC) and what design professionals are doing to improve 
upon the baseline. This thesis will explore and evaluate the adequacy and 
efficacy of current coding. 
 Architecture has a responsibility to respond to the people it serves, 
and has been doing so for generations. Vitruvius wrote in c. 50 BC, 
that cities and dwellings should be designed for defense, religious, and 
utilitarian purposes. Vitruvius stated that the defense of a city or building 
was not simply a militaristic one. One should defense one’s home from 
the elements and sickness. On the list of things Vitruvius stated the built 
environment should have, he stated they should have a site that is high but 
neither frosty or misty and in a temperate climate away from marshes. For 
when the morning breeze blows into town from the diurnal temperature 
shift it would blow the mist and sickness from the marsh into town. 
The city or building should not face south or west as it would become 
overheated during summer months and cause discomfort and sickness of 
the citizens within. The teachings from architects such as vitruvius have 
been usurped by the desire for profits or flare and pomp. Buildings are
designed with special attention to cost per square foot and profit per 
square foot without consideration of the health impact a building has on 
its occupants. Current medical science supports the assertion that a small 
additional investment per square foot of a building would result in a return 
on investment of six to one within ten to twenty years.  Over the course 
of the last thirty years since the 1960’s the world of architecture has made 
only small strides toward healthy buildings unlike European designers 
who have taken the last forty years to develop and implement sweeping 
quality of life adaptations to design like smaller floor plates and better 
urban acoustic mitigation and interior spatial requirements. It is clear 
that universal baseline codes are not strenuous enough and should be re-
calibrated to better serve the health safety and well fare of occupants. 
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 The 2018 IBC allocates Chapter 12 to interior environmental 
standards and defines itself as follows: “ Chapter 12 provides minimum 
provisions for the interior of buildings-the occupied environment. 
Ventilation, lighting, and space heating are directly regulated in this 
chapter and in conjunction with the international mechanical code 
and international energy conservation code. Minimum room size 
and maximum room to room sound transmission are set for certain 
occupancies.”.
 The IBC itself identifies its coding and bylaws to be legal minimum 
standard to protect health safety and welfare. The IBC provides the 
following guidelines for interior lighting and glazing percentages. 
 The only Code present in the 2018 IBC concerning natural lighting 
of space is section 1204.2 which states “the minimum net glazed 






































before delivering only two small code sections on sound control within the 
interior environment. 
 Section 1206.2 covers airborne sound and states “Walls, Partitions 
and floor-ceiling assemblies separating dwelling units and sleeping units 
from each other and other occupancies or public ways and service areas 
shall have a sound transmission class of not less than 50, or 45 if field tested 
against STM E90...”
 Section 1206.3 covers structure born sound where it states “Floor-
ceiling assemblies between dwelling units and sleeping units and public 
ways, or service areas structure shall have an impact insulation class rating 
of not less than 50 or 45 if field tested in accordance with ASTM90...”
 The IBC which is the accepted standard minimum of design in the 
US. This body of research asserts that these codes are not stringent enough 
to hold designers and architects to a high enough standard to fully protect 
the health and well being of building occupants. In this section a set of 
guidelines and strategies regarding coding for lighting both natural and 
artificial within residential typologies will be proposed and examples of 
execution given. Designers and architects have a responsibility to do better 
 area shall not be less than 8 percent of the floor area of the room served” 
meaning that a standard room in a residential typology will only receive 
8.8 square feet of glazing to service the floor plate in that room. The IBC 
addresses artificial lighting with Code 1204.3 which states “artificial light 
shall be provided that is adequate to provide an average illumination of 10 
foot-candles (107 Lux) over the area of the room at a height of 30 inches 
above the floor level”.
 Section 1206 states that “this section shall apply to common 
interior walls, partitions, and floor/ceiling diaphragms between adjacent 
dwelling units and sleeping units, as well as between dwelling units, 
sleeping units, and public areas, corridors, stairways, or service areas.” 
than the minimum, and a large number have decided to do so by engaging 
standards set forth by the USGBC through the LEED program and WELL 
building standard. 
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LEED’s Addressing of Interior Environments:
Lighting:
 For at least 90% of individual occupant spaces, provide individual 
lighting controls that enable occupants to adjust the lighting to suit their 
individual tasks and preferences, with at least three lighting levels or scenes 
(on, off, mid-level). Mid-level is 30% to 70% of the maximum illumination 
level (not including daylight contributions). For all shared multi-occupant 
spaces, meet all of the following requirements.
-Have in place multi-zone control systems that enable occupants to adjust 
the lighting to meet group needs and preferences, with at least three 
lighting levels or scenes (on, off, mid-level).
-Lighting for any presentation or projection wall must be separately 
controlled.
-Switches or manual controls must be located in the same space as the 
controlled luminaries. A person operating the controls must have a direct 
line of sight to the controlled luminaries.
-or-
Choose four of the following strategies.
For all regularly occupied spaces, use light fixtures with a luminance of less 
than 2,500 cd/m2 between 45 and 90 degrees from nadir. Exceptions include 
wall-wash fixtures properly aimed at walls, as specified by manufacturer’s 
data, indirect uplifting fixtures, provided there is no view down into these 
uplights from a regularly occupied space above, and any other specific 
applications (i.e. adjustable fixtures).
-For the entire project, use light sources with a CRI of 80 or higher. Exceptions 
include lamps or fixtures specifically designed to provide colored lighting 
for effect, site lighting, or other special use.
-For 75% of the total connected lighting load, use light sources that have a 
rated life (or L70 for LED sources) of at least 24,000 hours (at 3-hour per 
start, if applicable).
-Use direct-only overhead lighting for 25% or less of the total connected 
lighting load for all regularly occupied spaces.
-For 90% of the regularly occupied floor area, meet the following thresholds 
for area-weighted average surface reflectance: 85% for ceilings, 60% for 
walls, and 25% for floors.
-If furniture is included in the scope of work, select furniture finishes to 
meet the following thresholds for area-weighted average surface reflectance: 
45% for work surfaces, and 50% for movable partitions.
-For 75% of the regularly occupied floor area, meet ratio of average wall 
surface luminance (excluding fenestration) to average work plane (or 
surface, if defined) luminance that does not exceed 1:10. Must also meet 
strategy E, strategy F, or demonstrate area-weighted surface reflectance of 
60% for walls.
-For 75% of the regularly occupied floor area, meet ratio of average ceiling 
luminance (excluding fenestration) to work surface luminance that does 
not exceed 1:10. Must also meet strategy E, strategy F, or demonstrate area-
weighted surface reflectance of 85% for ceilings.
From only a basic look at LEED coding standards of light alone it is easy to 
see that much more care is taken when deliberating what should or could be 
done to improve upon the basic needs of the interior environment. Standards 
like those represented in LEED coding do on average cost between
1-10 dollars more per square foot but add back to occupancy wellness by 
decreasing annual yearly down time due to health fatigue. 
Sound Transmission:
 Design sound isolation to achieve speech privacy, acoustical comfort 
and minimal annoyance from noise-producing sources. Consider sound 
levels at both the source and receiver locations, the background sound at 
the receiver locations, and the occupant’s acoustical privacy and acoustical 
comfort needs. Speech privacy is defined as “Techniques… to render speech 
Unintelligible to casual listeners”
by ANSI T1.523-2001,Telecom Glossary 2007. Design the facility to meet 
the criteria outlined in the sections of the 2010 FGI Guidelines Table 1.2-
3: Design Criteria for Minimum Sound Isolation Performance between 
Enclosed Rooms and Table 1.2-4 Speech Privacy for Enclosed Room and 
Open-Plan Spaces (2010 FGI Guidelines and 2010 SV Guidelines). Calculate 
or measure sound isolation and speech privacy descriptors achieved for 
representative adjacencies as necessary to confirm compliance with criteria 
as identified in Sections 1.2-6.1.5 and 1.2-6.1.6 (including associated sections 
of the Appendix) of the 2010 FGI Guidelines and the reference standard on 
which it is based: the SV Guidelines.
 Using the methodology described in Standard S12.60-2002, achieve 
a maximum unoccupied background noise level in dwelling and other 
primary spaces of: 40 dBA (1 Point) 35 dBA (2 Points)
 Using the methodology described annexes B through D in Standard 
S12.60-2002, achieve a maximum background noise level in dwelling units 
and other primary spaces of 45 dBA.
 The sound section of LEED standard continues for nearly fifteen 
pages further providing options for designers to take advantage of in order 
to better protect occupants from sound transmissions and safe guard the 
interior environment from foreign noise pollution. 
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D. The project uniquely connects people to the place, climate, and culture 
through Place-Based Relationships as defined in Biophilic design: the theory, 
science and practice of bringing buildings to life.
E. The project creates sufficient opportunities for human-nature interactions 
within the building and within the project boundary, external to the building, 
creating an environment that ties the landscape and interior environments 
together. 
E. The project creates sufficient opportunities for human-nature interactions 
within the building and within the project boundary, external to the building, 
creating an environment that ties the landscape and interior environments 
together.
 For each design strategy, provide quantifiable metrics where 
possible and appropriate and describe your reasoning and/or research 
for determining the thresholds for achievement.
Examples:
The following are examples of both qualitative and quantitative biophilic 
design strategies & precedents: Nature in the Space (criteria a)
 Urban Public Park. The 20 foot high waterfall covering the north 
wall of Paley Park in New York City. (Non-visual connection with nature, 
Thermal and airflow variability, Non-rhythmic sensory stimuli).
 Office Building. Green walls and potted plants are incorporated 
into the design of interior spaces. Potted plants or planted beds cover 
approximately 1% of floor area per floor. A plant wall is included on each 
floor, covering a wall area of approximately 2% of the floor area. (Visual 
Connection with Nature)
 Multiple Project Types. A project provides a significant water feature 
that is 6 feet in height and 43 square feet in area and uses ultraviolet sanitation 
or other technology to address water safety. (Presence of Water, Visual and 
Non-Visual Connection with Nature, Access to Thermal Variability)
Natural Analogs (criteria b)
 Office Building. The dendriform columns up to a sky lit ceiling in The 
Great Room of Frank Lloyd Wright’s Johnson Wax Building. (Biomorphic 
Forms and Patterns)
 Place of Worship. The wooden trusses and native flagstone floor 
surrounded with a rock wall at Thorncrown Chapel by E. Fay Jones (Material 
connection with nature, Complexity and order).
Nature of the Space (criteria c)
 Multi-family Residential Building. A stoop, leading to the entrance 
of an apartment building that has a four foot minimum stoop height and is 
approximately six feet from the pedestrian sidewalk. (Prospect).
 Library. The 210 study carrels at Louis I. Kahn’s Exeter Library 
(Refuge).
Place-based Relationships (criteria d)
 Residential Building. The climate-driven, hyper-adapted envelope 
design of the Marika-Alderton house in the Northern Territory, Australia 
by Glenn Murcutt. (Geographic connection to place, Integration of culture 
and ecology).
 Interior, Retail. A project highlights indigenous, natural materials 
in the floor and wall finishes of the entry space, circulation spaces, and 
employee break room. (Indigenous materials, Spirit of place)
Sufficient opportunities for human-nature interactions (criteria e)
 Multiple Building Types. A large (25% of total site area), contiguous, 
landscaped site area was made accessible to building occupants. 70% of the 
landscaping consists of plantings, including tree canopies.
 LEED standards also include a section for indoor planting for 
gaining credits for LEED ratings. The IBC, IRC, nor any other common 
ICC publication currently ratified has standards for interior plantings 
or incentives to add plantings to interior spaces for the sake of interior 
beautification or air quality. 
 Biophilic Design Credits:
Intent:
 To support and improve human health, well-being, and productivity by 
providing and incorporating elements of nature in the indoor environment.
Requirements:
 Engage in the exploration of the biophilic design potential for the 
project and connecting people to the natural environment. The exploration 
must result in the development and implementation of a biophilic design 
plan that includes at least five distinct design strategies related to biophilic 
design. The five design strategies must address at least one of the following 
criteria:
A. The project design provides regular access to Nature in the Space as 
defined in 14 Patterns of Biophilic Design (or Environmental Features, Light 
and space, Natural Patterns and Processes, as defined in Biophilic design: 
the theory, science and practice of bringing buildings to life, Table 1-1).
B. The project design offers Natural Analogues as defined in 14 Patterns 
of Biophilic Design (or Natural Shapes and Forms as defined in Biophilic 
design: the theory, science and practice of bringing buildings to life, Table 
1-1).
C. The project design has spatial properties that align with the Nature of 
the Space as defined in 14 Patterns of Biophilic Design (or Evolved Human-
nature Relationships as defined in Biophilic design: the theory, science and 







Current daylight access for LEED status is 70-90% of floor area.
Current IBC Access to daylighting states a minimum of size of 8% of a 
serviced floor plate for glazing sizing meaning a 24x48” patch of glazing for 
most average American homes per room excluding bathrooms. 
8%
Lighting:
 The leading system of critique for new and existing lighting 
design is LEED (Leaders in Energy and Environmental Design). Current 
standards dictate a Wattage per Square foot (W/Sqft) design limitation 
to limit energy consumption, LEED standards cover the Brightness, and 
efficacy of lighting as well as positioning, but do NOT dictate spectrum or 
duration of light provided. Basic requirement define Adequate lighting as a 
light with a CRI of 80 of higher and Luminance of less than 2,500 cd/m^2. 
LEED also stipulates average surface reflection of objects and surfaces in a 
 LEED standards are aimed at reducing Passive and active sound 
sources to facilitate normal conversational comfort, and overall sensory 
overload at peak usage times where sound levels reach 60db or more. 
Acoustic panels and destructive frequency design are encouraged as 
techniques. STR (sound transmission rating) of materials is used to 
determine types and quantity of sound energy allowed to travel through 
a given diaphragm. Exceptions are given for maintaining historic 
preservation overlays.
Sound:
A 2018 National Institute of Building Sciences (NBIS) study found that 
each $1 spent on mitigation activities – such as strengthening buildings 
and improving drainage conditions – saves $6 in response and recovery 
costs.
Spatial Quality:
  Code requirements for Spatial quality are a sum of requirements 
regarding privacy, lighting, spatiality, spatial arrangements, the transition 
between public and private spaces, and perceived, built, and human 
densities. This thesis strives to quantify and dictate better strategies in 
order to generate more truly holistically healthy space. The top two triggers 
for green building in the U.S. are client demands and healthier buildings, 
but the economic benefits can’t be overlooked. Operating cost savings, 
shorter payback periods and increased asset value in new green buildings 
and green retrofits have been consistently reported. Upfront investment 
in green building also makes properties more valuable, with a growing 
number of building owners seeing a 10 percent or greater increase in asset 
value. The percentage of owners reporting that level of growth has nearly 
doubled since 2012.
Green buildings reduce day-to-day costs year-over-year. LEED buildings 
have reported almost 20 percent lower maintenance costs than typical 
commercial buildings, and green building retrofits typically decrease 
operation costs by almost 10 percent in just one year.
Natural Involvement:
 Studies have shown that involving natural elements such as 
plants and animals into a building or space can dramatically impact the 
emotional and psychological health and wellbeing of occupants in a space. 
[Fig. 1]
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Understanding Affordances in Terms of Architecture:
Misaffordances:
occur when ambiguous and conflicting information is present. A typical 
example of such misaffordances is a single step down from one identical 
surface to another. The ledge of the step becomes indistinguishable from 
the lower surface, obscuring any cues for a change in depth. Several optical 
illusion function by pitting competing cues for distance and or size against 
one another. Ambiguity also arises from vague and or missing cues for use 
or too many competing cues. When a building user cannot see what or 
how something in the space functions when confronted with cues about 
purpose or use which are vague or in conflict,  the basic human reaction is 
likely to encompass frustration, annoyance, and in extreme cases, hostility, 
or helplessness. Confusion regarding a design feature’s use and respective 
purpose results predominantly when a designer’s respective mental 
models to not coincide with that of the user. The designer of a space or 
spatial element generally holds all of the answers or proverbial ‘cards’ in 
his or her hands
and thus views their design product through that lens and not the lens of a 
potential user. As a designer one has the responsibility to put oneself in the 
shoes of the user in efforts to identify and avoid any possible confusion and 
misaffordances a design feature may evoke. 
 A design feature as simple as a “you are here” designation will fail 
in practice if the sign is not in the same Euclidean orientation as the viewer 
because it will cause confusion and thus stress. As a general rule, any 
affordance can become a misaffordance if executed poorly.
 In order to better understand affordances and misaffordances, the 
concept will be explored through the concepts of Legibility, coherence, 
privacy, control and space. To better understand these concepts they are 
broken into sub-sections with relevant examples. 
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 are what designers and architects give occupants through design. 
Designers afford the occupants recuperative components of architecture 
in order to balance out stress as a result of an unbalanced ratio between 
available human resources and environmental demands. Affordances can 
be construed as additional design items and considerations made by the 
designer to give an occupant piece of mind, and go above the minimum 
design standards. Despite the IBC being the guide to maintaining health 
safety and well fare of occupants, it does not afford occupants more than 
the bare essentials to simple survive a building in many capacities. To put 
it plainly: affordances are what developers and designers have trimmed 
form the budget to maximize profit because it is legal to do so. One should 
not have to pay extra to be afforded proper daylight, internal ambient 
lighting, clean circulated air, privacy, and legible space. Affordances are 

















 Legibility is the ease with which one can comprehend and spatial 
configuration and relationships of a given space and is a critical component 
of building coherence. Legibility in interiors in enhanced by regular 
geometric building shapes—easily recognizable and well understood 
pattering helps one to process a space more easily—and distinctive interior 
markings, and view of the exterior environment. Good signage and other 
navigational aids contribute to building legibility in a very tangible and 
unintuitive way but cannot be overlooked as a bridge of information 
when spaces are lacking higher legibility. The ability of signage to mitigate 
disorganization and poor space planning is minimal at best. Signage is 
best utilized for emergency way finding and labeling space in public space. 
Interior landmarking is far more likely to generate coherence when placed 
as decision nodes in a space. Aligning circulation paths and patterns 
with building facades, connecting at right angles, and providing visual 
landmarking cues alert users as to their progression toward a given goal 
location and thus boost legibility and cohesion of space.
 For the initial sample of concept Diagram xx depicts standard 
shopping mall promenade as baseline for a space that is legible in general 
for people of all ability levels. Shopping malls typically have large, long 
promenades as not only a space saving design feature, but as a generator of 
movement and ease of access. These long promenades are categorized by 
bi-directional traffic patterns which are easy to decern. Wide promenades 
also allow for those requiring both motorized and non-motorized 
assistance as well as those who are of limited speed and walking ability. 
These large promenades also serve to handle extremely high traffic volumes 
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Egocentric virtual mapping is 
from frame of self out.
Allocentric virtual mapping is 
from frame of environment to self.
space. The mapping and retrieval of spatial information stored in the 
medial temporal lobe is conducted through **Theta oscillations which 
occur at different delta periods across humans. The pace at which people 
become familiar with a space is based on the number of theta oscillations 
they cycle through in a given space. More or less time spent within a space 
does not correlate greater or lesser familiarity as a result.   
 As a result one can presume the brain uses a mixture of euclidean 
and non-euclidean mapping mechanisms to understand and catalogue 
space and form spatial awareness. The current model of human spatial 
mapping supports the theory that episodic, spatial, and declarative 
memory are linked. The medial temporal lobe uses spatial cues to support 
the episodic memory, or event memory of the subconscious which is why 
occupants often actively remember something when entering a space 
of which they are familiar. This linkage of memory is also thought to 
contribute to threshold syndrome: forgetting what you came into a room 
to do. When faced with a new space, the medial temporal lobe triggers 
a retrieval of spatial and episodic memory when entering a space which 
superceeds active task recall functions. Once formed the spatial mapping in 
the medial temporal lobe is interpreted by and integrated to the *Posterior 
Parietal Cortex (PPC). The PPC takes the mapping information gathered 
during Theta oscillation and combines it with proprioceptive information 
and translates it into either egocentric signals -which are framed around 
the different body parts and facilitate movement planning using available 
accounted or assumed variables-or allocentric planning which is referred 
to as world planning which uses external reference frames such as objects 
and salient dimensions of the local environment which are all intendant of 
the individual navigating the space. 
 
*The posterior parietal cortex receives input from the three sensory systems that play roles in the localization of the body and external objects in space: the visual system, the auditory system, and the somatosensory system.
**The medial temporal lobe (MTL) is a region within the cerebral cortex comprised of a system of anatomically related structures, including the hippocampal region and the adjacent entorhinal, perirhinal, and parahippocampal cortices. This system is involved in the creation of declarative memory and also in the 
regulation of emotional reactions.
***Theta oscillations represent the “on-line” state of the hippocampus. The extracellular currents underlying theta waves are generated mainly by the entorhinal input, collaterals, and voltage-dependent Ca2+ currents in pyramidal cell dendrites. The rhythm is believed to be critical for temporal coding/decoding of active 
neuronal ensembles and the modification of synaptic weights.
 The shopping mall promenade is also generally packed with shops 
vaiing for visual space and customer intrigue. Signs and location maps 
are well marked, large, and serve as land marks in a vast space than can 
be seen from large distances. This element of legibility assists with way 
finding and serves as a “you are here” beacon that allows vast spaces to be 
navigated more easily. The shopping mall promenade is also generally kept 
clear of visual and physical clutter in order to afford clean and clear lines 
of sight, also contributing to the overall legibility of the complex. Lastly 
in Diagram xx Shopping mall promenades most often contain areas of 
refuge for those who enjoy people watching, are waiting, or are just tired of 
walking. Although non-private, the benches lining shopping promenades 
provide critical relief to the occupant to recess from the hustling crowds. 
All of these factors contribute to a healthier and safer environment. These 
legibility factors among others are critical to the success of a space and 
have been adapted to a more intimate micro scale for the purposes of this 
thesis’ focus on residential occupancy.
 In order to adapt the concepts that support legibility, one must 
understand how the brain maps space. The human brain maps spatial 
conditions using the *medial temporal lobe (MTL) which contains cells 
identified as place and grid cells which actively tag components of a space 
as perceived by all five senses concurrently. Essentially the place and 
grid cells generate a virtual copy of a space based on landmarks, colors, 
patterns, textures, odors, and temperatures within the mind which is 
archived within the MTL and used to navigate the space without thinking. 
These virtual maps are why when in a familiar space one does not need to 
see an object to grab it or engage it when it is generally in the same location 
at the time of each mapping cycle the brain conducts in a given  
 [Fig. 5]
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Allocentric spatial coding has mainly been associated with the medial 
temporal lobe and forms the base fabric of the virtual cognitive map of 
the environment from which information about spatial relationships, 
landmarks, and objects can be extracted when needed. The idea of a spatial 
map is tightly linked to spatial navigation, behavioral studies on human 
way finding suggest complementary learning and decision processes.
 With a greater understanding of how the brain maps spaces for 
the occupant one can assert that the critical factors identified by the 
diagram of a generic shopping mall promenade highlights a basic level of 
engagement with affording the occupant significant landmarks, and ease 
of navigation through highly legible spaces and area of ambulation. The 
new understanding of  virtual mapping allows one to make the critical 
observation that every person is different, with different theta oscillation 
A person enters a space
Medial Temporal Lobe Grid lines 
The space
Medial Temporal Lobe Identifies 
landmarks
A working map is transmitted to 
the Posterior Parietal Cortex for 
use in movement planning
 Despite this the universal fact that the brain will identify or 
generate landmarks within a space to latch onto for the purpose of 
navigation. As a result, architects and designers should be providing more, 
better quality landmarks and spaces which contain enough variation 
in material, and objects to keep an occupant intrigued while not over 
stimulating the occupant thus crating an easy to read space. Generating 
legible space is all about moving a person through a space as easily as 
possible, thus reducing stress through ease of navigation.
window on a hot or cold day constitutes control over immediate 
environment and leads to greater success within a space and makes 
people more comfortable and generally happier. The opposite it also 
true, when the physical constraints of a space actively reduce choice or 
spatial behavior options; those elements exacerbate the stress of a given 
situation. Prolonged exposure to inflexible spaces and physical features 
invites the feeling of helplessness within an occupant, which is inextricably 
linked to psychological distress and thus physical disease as well. Spatial 
resources are critical components to providing a sense of control within 
a space. Spatial resources include elements of spatial design such as 
density, volume, visual exposure, structural depth, openness of perimeter, 
brightness, and extent of view. When one lacks or is deprived of the ability 
to control one’s space in any of the previously listed terms, one cannot 
effectively interact with space and is then threatened by it. All the above 
are contributors to the feeling of helplessness and thus compound existing 
stress.
 The design element that perhaps has the most effect on how in 
control one feels in a space is responsiveness. The responsiveness of a space 
refers to the clarity and speed of feedback one receives when activating 
elements of one’s environment. Adjusting the light or climactic controls 
generates positive and negative feedback loops depending on the speed and 
harshness of the feedback. Known as differential feedback, distinct actions 
in a responsive environment produce unique and varied feedback about 
the consequences of an action. The Responsiveness of an environment is 
hypersensitive to the latency between action and resultant consequence. 
The longer the latency between action and consequence is, the poorer 
the responsiveness. Unresponsive environments or environments with 
too much latency contribute directly to the sense of helplessness and thus 
further exacerbate the level of stress a space generates.

















 is defined herein as the ability to either alter the physical aspect 
of one’s space or regulate one’s exposure to the environment. The physical 
constraints, flexibility, privacy, spatial dichotomy and syntax, defensible 
space, ad symbolic elements and attitudes of space are key design 
concepts salient to the idea of Spatial control. When in a space where 
all the furniture is rigidly attached, it becomes easy to feel trapped or 
bored. However, when the affordance is made for one to manipulate the 
environment or otherwise act on the flexibility of space one feels intrigued 





 refers to the clarity and comprehensibility of building elements 
and form. Ambiguity, Disorder, disorganization, and disorientation 
are major impediment to coherence. Purposive action requires legible 
interiors. Coherence enables user to make reasonable deductions about 
the identity, meaning, and location of objects and spaced inside of a 
given building. Coherence is inversely related to complexity and directly 
related to the clarity of underlying and thematic patterning of stimulation. 
Multiple repetitive features, underlying expression or rules, and thematic 
continuity, all contribute positively to coherence. Stress occurs when 
changes and disruptions in physical surroundings make prediction 
difficult. Incoherence also arises from disorganization. Specifically, when 
it is difficult decern the underlying form or pattern of space. Incoherence 
is also the result when spatial cues and signals regarding prescriptive 
behaviors are ambiguous. Artificial barriers that are non-synchronous 
with the intended prescriptive behavior of a space contributes to a misfit 
between organizational objects and design. Conflicting information from 
adjacent design elements or abrupt shifts in color, texture, size, and general 
stimulus level heighten relative stress of those experiencing the space. 
Highly ambiguous spaces cause stress because people struggle to make 
sense of them—their meaning, function, form, and composition are hard 
to discern. 
Privacy:
 Privacy is a major component of control that cannot be ignored 
for sake of saving money or providing non-sequestered views. Privacy 
is the ability to regulate social interaction within a given environment. 
Architecturally speaking the central element of design which influences the 
feeling of control over privacy is spatial hierarchy.
When one provisions space, the question of spatial programming 
must probe the ideas of solitude and intimacy and marry them to the 
ability to foster meaningful social contact between users within a given 
environment. Hierarchy of space depends heavily on volume and layout, 
as well as visual cues and way finding. When a space is successfully laid 
out—balancing intimacy and foreign contact—it fosters a sense of safety 
and decreases the stress inducing feeling of risk. The location and degree 
of stimulus mitigation within an environment directly influences the 
effectiveness of a building in terms of providing privacy. 
 The extent to which spaces are interconnected by doors, windows, 
and passages influences the capacity of a space to socially regulate itself. 
Design elements such as acoustic and visual permeability also directly 
affect social affordances within a space. The depth of space is also 
important to the ability of a space to socially regulate. Depth of space refers 
to the linear and visual distance one much travels to get from one point in 
a space to another. Deeper spaces typically afford more intimacy, solitude,
and overall privacy and enhance one’s ability to regulate social interaction. 
Deeper spaces also affect visual access and exposure. 
 
 It is critical to find the balance between intimacy and social 
approachability. The balance between intimacy and approachability of 
space can be mitigated though use of functional distance—the directness 
of doorway openings and the intersection of circulation paths—which 
influences social interchange.
 Design elements such as focal points facilitate nodes of social 
interaction and small group opportunities—the majority of people 
generally prefer this kind of social interaction, which elicits less stress via 
decreased strain on psychological and physiological resources. A well-
designed focal point or node of socialization always includes activity 
generating features, are generally centrally located, and must function 
as neutral territory. Space quickly becomes hostile when one does not 
feel represented or is not afforded proper control. Focal points must also 
provide prospective visual access. 
 Furniture arrangements directly affect the potential for social 
interaction. Sociopetal furniture layouts encourage social interaction 
by affording and provisioning movable components, comfortable 
interpersonal distances, ease of eye contact, and physical comfort during 
conversation. Sociofugal organizations have the opposite effect on social 
interaction. Sociofugal organizations consist of inflexible furniture 
arrangements oriented in a way that makes eye contact and conversation 
difficult. They also place people at inappropriately close or far from one 














 Allows orientation of time of day and season and is attributed 
to way finding and comfort; light can also cause natural patterns and 
form, movements and shadows. In design, this can be applied through 
clerestories, reflective materials, skylights, glass, and atrium. This provides 
well-being and interest from occupants.
Air:
 Ventilation, temperature, and humidity are felt through air. Such 
conditions can be applied using windows and other passive strategies, but 
most importantly the variation in these elements can promote occupant 
comfort and productivity.
Water:
 Water is multi-sensory and can be used in buildings to provide 
movement, sounds, touch, and sight. In design it can be incorporated 
through water bodies, fountains, wetlands, and aquariums; people have 
a strong connection to water and when used, it can decrease stress and 
increase health, performance, and overall satisfaction.
Plants:
 Bringing vegetation to the exterior and interior spaces of the 
building provides a direct relationship to nature. This should be abundant 
(i.e., make use of green walls or many potted plants) and some vegetation 
should flower; plants have been proven to increase physical health, 
performance, and productivity and reduce stress.
Animals:
 While hard to achieve, it can be done through aquariums, gardens, 
animal feeders, and green roofs. This interaction with promotes interest, 
mental stimulation, and pleasure.
Weather:
 Weather can be observed directly through windows and 
transitional spaces, but it can also be simulated through the manipulation 
of air within the space; awareness of weather signified human fitness 
and survival in ancient times and now promotes awareness and mental 
stimulation.
Natural Landscapes:
 This is done through creating self-sustaining ecosystems into 
the built environment. Given human evolution and history, people tend 
to enjoy savannah-like landscapes as they depict spaciousness and an 
abundance of natural life. Contact with these types of environments can 
be done through vistas and or direct interactions such as gardens. Such 
landscapes are known to increase occupant satisfaction.
Fire:
 This natural element is hard to incorporate, however when 
implemented correctly into the building, it provides color, warmth, and 
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Images of Nature:
 This has been proven to be emotionally and intellectually satisfying 
to occupants; images of nature can be implemented through paintings, 
photos, sculptures, murals, videos, etcetera.
Indirect Experiences refer to contact with images or 
representations of nature.
Natural Materials:
 People prefer natural materials as they can be mentally stimulating. 
Natural materials are susceptible to the patina of time; this change invokes 
responses from people. These materials can be incorporated into buildings 
using wood and stone. Interior design can use natural fabrics, furnishings, 
and leather.
Natural Colors:
 Natural colors or “earth-tones”, are those that are commonly 
found in nature and are often subdued tones of brown, green, and blue. 
When using colors in buildings, they should represent these natural tones. 
Brighter colors should only be used sparingly – one study found that red 
flowers on plants were found to be fatiguing and distracting by occupants.
Simulations of Natural Light and Air:
 In areas where natural forms of ventilation and light cannot be 
achieved, creative use of interior lighting and mechanical ventilation can 
be used to mimic these natural features. Designers can do this through 
variations in lighting through different lighting types, reflective mediums, 
and natural geometries that the fixture can shine through; natural airflow 
can be imitated through mild changes in temperature, humidity, and air 
velocity.
Information Richness:
 This can be achieved by providing complex, yet not noisy 
environments that invoke occupant curiosity and thought. Many 
ecosystems are complex and filled with different abiotic and biotic elements 
– in such the goal of this attribute is to include these elements into the 
environment of the building.
Change and the Patina of Time: People are intrigued by nature and how 
it changes, adapts, and ages over time, much like ourselves. In buildings, 
this can be accomplished by using organic materials that are susceptible to 
weathering and color change – this allows for us to observe slight changes 
in our built environment over time.
Naturalistic Shapes:
 Natural shapes and forms can be achieved in architectural design 
through columns and nature-based patterns on facades - including these 
different elements into spaces can change a static space into an intriguing 
and appealing complex area. This uses characteristics found in nature to 
influence the structural design of the project. These may be things that 
may not occur in nature, rather elements that represent natural landscapes 
such as mimicking different plant heights found in ecosystems, and or 
mimicking particular animal, water, or plant features.
Natural Fractile:
 Natural Geometries: The design of facades or structural 
components can include the use of repetitive, varied patterns that are 
seen in nature (fractals). These geometries can also have hierarchically 
organized scales and winding flow rather than be straight with harsh 
angles. For instance, commonly used natural geometries are the 
honeycomb pattern and ripples found in water.
Biomimicry:
 This is a design strategy that imitates uses found in nature as 
solutions for human and technical problems. Using these natural functions 
in construction can entice human creativity and thought of nature.
The experience of space and place uses spatial relationships to enhance 
well-being:





 The ability for people to comfortably move between spaces, even 
when complex; it provides the feeling of security for occupants and can be 
done through making clear points of entry and egress.
Cultural and Ecological Attachment to Place: Creating a cultural sense 
of place in the built environment creates human connection and identity. 
This is done by incorporating the area’s geography and history into the 
design. Ecological identity is done through the creation of ecosystems that 
promote the use of native flora and fauna
 Each of these experiences are meant to be considered individually 
when using biophilia in projects, as there is no one right answer for one 
building type. Each building’s architect(s) and project owner(s) must 
collaborate to include the biophilic principles they believe fit within their 
scope and most effectively reach their occupants.
 The key objective of biophilic design is to create an environment 
where the residents want to actively participate in, preserve, and connect 
with the natural landscape that surrounds them. Established ways 
to achieve this through a framework of infrastructure, governance, 
knowledge, and behavior; these dimensions can also be indicators of 
existing biophilic attributes.
Transitional Spaces:
 This element aims to connect interior spaces with the outside or 
create comfort by providing access from one space to another environment 
using porches, decks, atrium, doors, bridges, fenestrations, and foyers.
Organized Complexity:
 This principle is meant to simulate the need for controlled 
variability; this is done in design through repetition, change, and detail of 
the building’s architecture.
Integration of Parts: 
 When different parts comprise a whole, it provides satisfaction for 
occupants: design elements include interior spaces using clear boundaries 
and or the integration of a central focal point.
Prospect and Refuge:
 Natural Refuge refers to the buildings ability to provide comfortable 
and nurturing interiors (alcoves, dimmer lighting), while prospect 
emphasizes horizons, movement, and sources of danger. Examples of 
design elements include balconies, alcoves, lighting changes, and areas 
spaciousness.
Prospect and Refuge:
 Natural Refuge refers to the buildings ability to provide comfortable 
and nurturing interiors (alcoves, dimmer lighting), while prospect 
emphasizes horizons, movement, and sources of danger. Examples of 
design elements include balconies, alcoves, lighting changes, and areas 
spaciousness.







Biophilic Conditions and Affordance Infrastructure:
 The ability The idea that a certain number of people at any given 
time should be near a green space or park. This can be done through the 
creation of integrated ecological network and walking trails throughout 
the city, the designation of certain portions of land area for vegetation and 
forests, green and biophilic building design features, and the use of flora 
and fauna throughout the city.
Biophilic Activities: 
 This refers to the increased amount of time spent outside and 
visiting parks, longer outdoor periods at schools, improved foot traffic 
across the city, improved participation in community gardens and 
conservatory clubs, larger participation in local volunteer efforts.
Biophilic Attitudes and Knowledge: 
 In areas with urban biophilic design elements, there will be an 
improved number of residents who care about nature and can identify local 
native species; resident curiosity of their local ecosystems also increases.
Biophilic Institutions and Governance: Local government bodies allocate 
part of the budget to nature and biophilic activities. Indicators of this 
include increased regulation that requires more green and biophilic design 
principles, grant programs that promote the use of nature and biophilia, 
the inclusion of natural history museums and educational programs, 
and increased number of nature non-governmental organizations and 
community groups.
How Codes could be Adapted as a Result
 This body of research asserts that per current medical research 
there are several existing code guidelines that are either under-performing 
or nonexistent in the minimum guidelines for building safety: The IBC 
(2018). This thesis suggests the lack of higher performing code minimums 
be addressed in the following ways.
 The IBC should be amended such that it includes language that 
is more specific in terms of defining adequate lighting solutions both 
ambient, artificial, and natural. It should also contain more restictive 
language to provide better acoustic environments. Current research 
suggests that lighting which is tuned to an occupant’s specific genetic 
predispositions would be the ideal solution. Given the low feasibility of 
such an undertaking; the research suggests the following language be 
added to, or current code be adapted to include:
Natural daylight access
 Natural daylighting shall be available in ALL occupiable rooms. 
Windows shall be capable of providing vistas clear of any object that may 
obstruct access to the outside or visible sky closer than 30 feet. Openings 
shall allow an occupant clear access to natural lighting for no less than 
six (6) hours daily for at least 40 weeks of the year. Glazing or openings 
where natural lighting is available shall be no less than 15% of area served 
in size (sqft). Windows and glazing shall not filter out light bands between 
450nm to 650nm in totality. Occupants must be able to control light intake 
through all openings. 
 Exceptions: 
1. Windows servicing bathrooms, changing rooms, bedrooms, or 
other such intimate spaces shall be permitted to have glazing at minimum 
of 8% of floor area serviced,
2. Windows servicing bedrooms shall have filter systems to allow total 
black out at occupant discretion to promote healthier sleeping patterns. 
Choose one: Black out curtains shall be integrated into window or window 
opening design so that an occupant may block 100% of visible light 
from entering the space. -or- Windows shall be fitted with light reactive 
transition systems capable of being controlled by internal controls by an 
occupant that must be capable of blocking 100% of visible light. 
3. Windows in all other spaces other than bedrooms shall be allowed 
tinting systems to control light but must be able to allow 96% of light 
through when disengaged or turned off. 
Artificial lighting:
All residential occupancies shall be outfitted with LED lighting systems 
capable of replicating natural day night light wavelength between 450 and 
650nm. Systems shall be constructed from readily available systems to 
consumers and are not allowed to require proprietary technology to service 
the system with components such as light bulbs and switches. Systems shall 
be able to be always controlled by the occupant from inside the dwelling 
unit but can be computer controlled from within the unit where occupants 
have override capabilities. Self-contained variable light units (bulbs) 
controlled from a smart phone or other device is an acceptable alternative 
to permanent fixtures. All systems shall contain a contingency where when 
an emergency such as fire is detected that all artificial lights controlled by 
the system will turn on and conform to egress lighting standards set forth 
in other chapters. 
 Note- The color range variability is critical to occupant health, and 
being able to vary the color range produced on a zonal basis is paramount. 
Research studies that tested how men and women are affected by light in a 
space, and found that women need nearly twice as much exposure to green 
and blue light band emissions than men, where as men require more 
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  red and yellow light band emissions in order to maintain homeostasis and 
promote healthy circadian cycle. Special precautions should be taken to 
ensure the genetic gender of user in the space is being taken into account 
when setting up any computerized control systems
Exceptions:
1. Plumbing in bathrooms is permitted to be non-isolated unless the 
bathroom is adjacent to a bedroom. 
2. Plumbing may pass through walls adjacent to bedrooms if it can 
be proven that they will have an impact of 30db or less within the adjacent 
bedroom.
Spaces within any commercial residence shall contain baffling in public 
areas that reduce the noise impact of the environment by no less that 70% 
in areas controlled by the building owner. When it is not possible to install 
baffling to reduce public area noise impact on dwelling units, the façade 
and walls should be appropriately designed and insulated to maintain a 
noise contribution to the inside of dwelling units no greater than 40db in 
living areas and 30db in bedrooms.  
Areas of Social refuge
All residential occupancies shall be equipped with at least one area of social 
refuge measuring at least 6 feet in length and 3 feet in dept and 7 feet in 
height. All areas of social refuge shall have access to natural daylighting, 
as well as standard artificial lighting. All areas of social refuge shall also 
be outfitted with at least one 110v output (US). Areas of social refuge shall 
not be positioned in adjacency to high activity areas such as kitchens and 
main living areas. Areas of refuge shall be insulated as to conform to basic 
comfort standards of temperature as outlined in other chapters, as well 
as acoustically isolated from all adjacencies where STC rating shall be no 
less than 50. Areas of social refuge shall not dually function as areas of 
emergency refuge and may not be placed adjacent to public rights of way. 
Exceptions:
1. In cases where bedrooms meet all above minimum requirements, a 
separate area of refuge shall not be required for dwelling units of less than 
1,000 sqft total conditioned space.
Natural Access
 All residential dwelling units or residences must contain at least 
one window or other opening that allows clear views to natural scenery i.e 
planter boxes, gardens, open landscape, or green roofs without having to be 
opened. Natural scenery shall occupy at least 25% of a designated opening 
when standing 6 feet away directly perpendicular to the opening. 
 Exceptions:
1. Units which face harsh sun exposure shall be allowed to cover 
windows or opening with bri-sole systems as to provide proper solar gain 
and exposure as allowed in other chapters.
2. In situations where this provision is prohibitive of fire escape or 
egress a petition may be made to the authority having jurisdiction for 
exception
 All residential units shall have no less than 15% of material surfaces 
composed of natural components.
 All residential units shall have no less than two operable windows 
to allow for natural ventilation
All residences shall incorporate a space no smaller than 2ft by 2ft for 
interior planting opportunities. These spaces shall be structurally designed 
and contain appropriate material choices to facilitate the placement of 
potted plants or a small planter. 
Acoustic mitigation:
All bedrooms shall be sound isolated in a way that allows for no more than 
30db audible sound from the exterior or adjacent dwelling unit or public 
area. All dwelling units shall be sound isolated such that during peak 
environmental noise pollution times, noise external to the unit shall not 
register more than 40db from inside the dwelling unit with all openings 
closed.
 Residential units shall have an STC rating of no less than 55 used to 
isolate building structural born noise. 
All bedrooms shall be sound isolated in a way that allows for no more than 
30db audible sound from the exterior or adjacent dwelling unit or public 
area. 
 All dwelling units shall be sound isolated such that during peak 
environmental noise pollution times, noise external to the unit shall not 
register more than 40db from inside the dwelling unit with all openings 
closed.
 Residential units shall have an STC rating of no less than 55 used to 
isolate building structural born noise. 
 Plumbing and HVAC ventilations systems shall be sound isolated 
from the main body of interiors and bedrooms. No main plumbing chases 
or channels are allowed to pass within walls that make up any wall surface 
of a bedroom. 
These building code proposals represent the core tenants of need exposed 
by the medical research compiled within this thesis. The addition of this 
code language into the established minimum standards would represent 
massive potential or return on investment. Evidence collected within 
this body of research supports that buildings designed with these newer 
more stringent standards in mind would reduce the yearly down time 
of occupants as well as overall anxiety and stress levels experienced by 
those occupying minimally designed residences. It is reasonable to assert 
that wellbeing of occupants would increase substantially and return on 
investment could be recuperated more quickly by developers employing 
strategies outlined here as a result of having happier tenants.  
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imparts upon the human user. 
 The intensity, variety, and complexity of a given situation are the 
pertinent design qualities that define stimulation in architectural terms. 
Humans optimally function with a moderate level of stimulation—a level 
of stimulation typically synonymous with a restful yet mildly active and 
engaged position. A lack of stimulation leads to boredom with extreme 
circumstances leading to sensory deprivation. Insufficient stimulation 
can lead to the inability of one to practice successful accommodation 
and address of environmental challenges. On the other hand, when 
overstimulated the human mind begins to sacrifice cognitive process 
and path making in favor of opening processing bandwidth in efforts to 
understand and organize the over stimulating forces so that they can be 
assessed for possible danger. As a result, over stimulation makes it difficult 
to focus one’s attentions and interrupts ongoing action patters in the mind 
as seen in the diagram of virtual spatial mapping on page 08. Levels of 
local stimulation are strongly influenced and informed by properties of 
complexity, intensity, and intrigue. Stimuli such as loud noises, bright 
lights, unusual pleasant or strong odors, and vibrant colors, especially 
on the red end of the light spectrum increase stimulation in both the 
conscious and subconscious mind.
 Inappropriately tight interpersonal spacing and crowding and is 
another critical factor. The extremes of intensity and complexity in spaces 
are stress inducing, a typical example can be seen in Example A from 
“When Buildings don’t work 1999” 
 Exposure to both visual and acoustic stimulus is strongly affected 
by layout, circulation systems, and an individual’s independent location 
within a given space and their orientation to other spaces directly 
influences levels of personal stimulation. Personal adjacencies to sources of 
stimulus and proximity to circulation paths directly affect how stimulated 
or aroused a person becomes in a space.
 How light affects the Circadian rhythm:
 At the core of research regarding wellbeing within a space, stress is 
a defining term and metric by which the healthiness of a building is judged. 
Buildings stress our bodies in ways we are typically unaware of unless it 
becomes a chronic issue as is explored by a medical professional. Stress 
occurs when the human body encounters and imbalance of environmental 
demands and available human resources. The ultimate goal of designers 
is to mitigate the ratio of human needs to environmental demands 
through intelligent design, but this process is currently handicapped by 
either an unwillingness or inability, of architects and design professionals 
to include modern scientific developments in the fields of psychology 
and physiological health. The way in which the built environment 
affects its occupants can be defined using a dichotomy that links design 
characteristics to their potential to challenge the body’s adaptive coping 
mechanics. Stress is a dynamic process that depends implicitly on 
one’s individual coping mechanisms and resources. However, without 
understanding more about the salient properties of average and typical 
interior spaces, the understanding of environment and human health will 
be incomplete. 
 The proposition that stress is a significant contributor to physical 
health is well established. Most research regarding stress and poor health 
is focused on personal variables such as behavior and social conditions. 
With the exceptions of ambient environmental factors such as noise, traffic, 
crowding, and, air pollution, there has been little to no link drawn between 
the state of architectural elements and human health. However the element 
most prevalent, and the one that will be discussed in this body of research 
is stimulation. Stimulation literally describes the amount of information a 
specific scene, setting, or object
Not only does location within space affect stimulus patters, but the shape 
of the space, and the visual sequestering effects one’s feeling of exposure 
as well as privacy and thus feeling of safety. In order to control the rate 
and quality of stimulation one receives within a space, visual and acoustic 
barriers are deployed by designers either before or after construction. 
Depending on the degree of efficacy these measures provide shielding that 
begins to form a mental and physical area of refuge.
[Fig. 20]
18
 Before the invention of the modern electric light nearly a century 
ago, humans we exposed, on average, to 0.1-0.3 lux in mean north and 
south hemisphere. In perspective: an average candle at one-meter away 
casts 1.0 lux of light. After the invention and implementation of the 
artificial light, the day is extended artificially and exposure to artificial 
light grows rapidly. After the light bulb was introduced, other sources of 
artificial light such as Televisions and computers follow. 80% of the world 
population, and 99% of the US and European population experience 
light pollution. Two-thirds of Europeans, and 80% of North Americans 
cannot see the milky way as result of light pollution. The light intensity 
of an average street is between five and fifteen lux, with typical living 
rooms reaching upward of 300 lux. Most computer devices like tablets and 
computers emit an average of 40 lux, and according to the National Sleep 
Foundation, 36% of parents and 34% of children leave an electronic device 
on in their room while sleeping. Leaving electronics on while sleeping is 
furthermore common among women with an average of 87% of women 
watch television within an hour of going to sleep. This over exposure 
to light is connected to poor mental and physical health in the built 
environment.
 Proper lighting for humans is defined as lighting which positively 
impacts or perpetuates a stable circadian rhythm and quality of life. Light 
is the Most Important factor when considering what it means to design 
healthy space for human dwelling. The very wavelength of light influences 
hormonal production and behavioral patterns 
 i Retinal ganglion cell (RGC) is a type of neuron located near the inner surface of the retina of the eye. It receives visual information from photo-receptors via two intermediate neuron types: bipolar cells and retina amacrine cells. Retina amacrine cells, particularly narrow field cells, are important for creating 
functional subunits within the ganglion cell layer. Retinal ganglion cells collectively transmit image-forming and non-image forming visual information from the retina in the form of action potential to several regions in the thalamus, hypothalamus, and mesencephalon, or mid-brain. A small percentage of retinal 
ganglion cells contribute little or nothing to vision, but are themselves photosensitive; their axons form the retinohypothalamic tract and contribute to circadian rhythms and pupillary light reflex, the resizing of the pupil
ii The superachiasmatic nucleus or nuclei (SCN) is a tiny region of the brain in the hypothalamus, situated directly above the optic chasm. It is responsible for controlling circadian rhythms. The neuronal and hormonal activities it generates regulate many different body functions in a 24-hour cycle. The mouse SCN 
contains approximately 20,000 neurons. The SCN interacts with many other regions of the brain. It contains several cell types and several different peptides (including vasopressin and vasoactive intestinal peptide) and neurotransmitters.
when absorbed by [i]retinal ganglion cells. Retinal Ganglion Cells—RGC—
trigger production of hormones such as cortisol and melatonin in response 
to various spectrums of visible and invisible light. Disruption of Circadian 
rhythms because of aberrant light exposure perturbing synchronization 
of the central pacemaker—the [ii]superachiasmatic nuclei (SCN)—cause 
peripheral clocks that control mood, metabolism, and immune systems to 
become asynchronous and function in reduced capacity. 
 Different organisms such as bacteria, plants, fungi, and animals, 
show genetically based twenty-four hour cycles. Although all of the genetic 
coded clocks appear to be based on a similar type of genetic feedback loop, 
the specific genes involved are thought to have evolved independently in 
each kingdom. Many aspects of mammalian behavior and physiology show 
circadian rhythmics, including sleep, physical activity, alertness, hormone 
levels, body temperature, immune system function, and  even digestive 
activity. The SCN coordinates these systems across the entire body, and 
synchronization is lost if the SCN is destroyed or damaged. For example, 
total time of sleep is maintained in rats with SCN damage, but the length 
and timing of sleep episodes becomes erratic.
 The SCN maintains control across the body by synchronizing 
oscillators, which exhibit their own independent twenty-four hour cycle 
that control circadian phenomena in local tissue. The SCN receives 
input from dedicated photosensitive ganglion cells in the retina via the 
retinohypothalamic tract. Neurons in the ventro-lateral SCN (vlSCN) 
have the ability for light-induced gene expression. Melanopsin-containing 
ganglion cells in the retina have a direct connection to the ventro-lateral 
SCN via the retinohypothalamic tract. 
 
 When the retina receives light, the vlSCN relays this information 
throughout the SCN allowing entrainment and synchronization of all 
body systems to the roughly 24 hour 11 minute cycle of which human 
body systems oscillate. The importance of entraining organisms, including 
humans, to external cues such as the light/dark cycle, is brought to 
attention by several circadian rhythm sleep disorders, where this process 
does not function normally such as insomnia and sleep abnea. Neurons 
in the dorso-medial SCN (dmSCN) are believed to have the ability to 
continue a nearly perfect twenty-four hour cycles even in complete 
darkness
 A [III]GABAergic hormone exchange is involved in the bonding 
of the ventral and dorsal regions of the SCN. The SCN sends information 
to the hypothalamic nuclei and the pineal gland to modulate body 
temperature and production of hormones such as cortisol and melatonin 
(waking and sleeping hormones respectively). Significant research has 
been conducted on the genes and hormones responsible for controlling 
circadian rhythm, in particular within the SCN. Knowledge of the gene 
Clock (Clk) and Period2 (Per2), two of the many genes responsible for 
regulating circadian rhythm within the individual cells of the SCN, has 
allowed for a greater understanding of how genetic expression influences 




a switch from incandescent bulbs to compact fluorescent bulbs or 
light-emitting diodes (LEDs) to save energy. Depending on the color 
temperature, some compact fluorescents and LEDs produce a blue-shifted 





 Recent have reflected how evolution of SCN both structurally and 
genetically has resulted in the engagement of characteristic and stereotyped 
thermoregulatory behavior. Exposure to artificial light during normal night 
cycles upsets the circadian rhythm and system because light is the foremost 
cue the body uses to discern day from night.
 The spectral characteristics of [IV]melanopsin responses are such 
that blue light (~480 nm) most strongly stimulates ipRGCs, whereas red 
light (>600 nm) has minimal effect. Daytime sunlight contains more 
blue wavelengths than sunset. As the sun gets closer to the horizon, 
short wavelengths are scattered in the atmosphere and longer, redder 
wavelengths more easily reach the surface of the Earth. The sensitivity 
spectrum of melanopsin may be an adaptation to the natural solar cycle, 
so that ipRGCs are tuned to discriminate daylight from evening, better 
entraining the circadian rhythm. Recently, some countries have mandated
 III Studies on thermo-regulation of ruin lizards and mice have informed some connections between 
the neural and genetic components of both vertebrates when experiencing induced hypothermic 
conditions.
IV Melanopsin is a type of photo-pigment belonging to a larger family of light-sensitive retinal 
proteins called opsins and encoded by the gene Opn4. In the mammalian retina, there are two 
additional categories of opsins, both involved in the formation of visual images: rhodopsin and 
photopsin (types I, II, and III) in the rod and cone photo-receptor cells, respectively
 In the absence of any environmental signals, the molecular clock 
will continue to produce 24 hour cycles. Ex vivo cultures of SCN neurons 
continue to express near 24 hour oscillations for weeks after being removed 
from the body. Humans living without any light or temperature cues will 
maintain circadian sleep–wake and body temperature rhythms, although 
they begin to free-run on a cycle slightly longer than 24 hours (approx. 
24 hours 11 minutes) light is the major cue the body uses to maintain 
perfect synchrony with the environment. Light detected at night phase 
shifts the cycle by rapidly inducing expression of waking hormones or 
stress hormones depending on whether the light occurs in early or late 
night. Phase shifting can be useful for adapting to changing seasonal day 
lengths or a new time zone, but it is detrimental when it is irregular and 
unmitigated
 Using electronics at night causes  phase shift the circadian rhythm, 
leaving it decoupled from the natural environmental light–dark cycle. 
The SCN functions as the central circadian pacemaker, although the 
intracellular clock mechanism is expressed in other brain regions and in 
peripheral tissues. Clocks throughout the body remain synchronized with 
one another by responding to signals from the SCN, either through direct 
neural inputs or indirect cues like hormone and behavioral changes as well 
as physiological rhythm shift. Rhythms in feeding and body temperature 
help synchronize peripheral oscillators. Aberrant light exposure that 
disrupts these rhythms may drive downstream dis-regulation of circadian 
rhythms in peripheral systems. Of note, time of day information reaching 
the pineal gland via the SCN potently regulates secretion of the hormone 
melatonin. Melatonin is a small indoleamine that is produced and secreted  
bulbs, to which the human circadian system is most 
sensitive. It will be important to consider the biological 
effects of lighting spectrums in home and workplace 
design. When exposed to light in the activating spectrum, 
ipRGCs directly project to the body’s circadian master 
clock, the superachiasmatic nucleus of the hypothalamus. 
In addition, they have other direct and indirect targets 
throughout the brain, including mood-related structures. 
As a primary function, light detected by ipRGCs sets the 
molecular clock in the SCN
 The molecular clock in the SCN is composed of a 
set of feedback loops that drive the mammalian core clock 
components. In the primary feedback loop, CLOCK 
and BMAL1 proteins activate secretions of Period (Per) and Cryptochrome 
(Cry). PER and CRY proteins then combine and are absorbed into the 
nucleus where they repress their own transcription and delay a release 
of effects. In an interacting feedback loop, CLOCK/BMAL1 complexes 
activate retinoic acid-related nuclear receptors. he protein products 
feedback to regulate the interaction by competitively binding retinoic 
acid-related receptor response. These two loops form the basis of the 
molecular clock, this complex network of interacting genes, hormones and 
post-translational modifications ensure that the process takes on average 
twenty-four hours to complete under normal operating conditions which 




in a 24-h rhythm that peaks at night. Circulating melatonin aids in 
entrainment of clocks located in peripheral organs through several 
interactions with the molecular clock mechanism, including phase-
resetting clock genes. Exposure to light at night, even. At very low 
intensities, strongly inhibits melatonin secretion and will disrupt overall 
synchrony of the central and peripheral clocks
 In addition, the circadian system regulates glucocorticoid 
secretions-that control the metabolism of carbohydrates-from the adrenal 
glands in a manner that causes concentrations to peak in the morning just 
before awakening and decrease throughout the day. Glucocorticoids are 
important in stress responses through their role in a negative feedback 
loop which maintains the homeostatic concentrations of stress hormones. 
Glucocorticoid imbalances are associated with several mood disorders; 
in particular hypercortisolemia  which is a subset of major depression. 
Light directly affects secretion of glucocorticoids in humans, suggesting 
mistimed light exposure throws off the hypothalamic–pituitary–adrenal 
axis and stress response systems. However there is a lack of systematic 
research investigating the effects. In rodents, exposure to dim light at night 
(5 lux) each night for 3–4 weeks elicited depressive-like symptoms. In 
humans, the incidence of major depression has grown in parallel with the 
adoption of electric lights, but is not a proven fact. The Amish population 
rejects electricity and has remarkably low incidence of depression in 
relation to light exposure. Further studies are warranted to assess the 
nature of this relationship Institutionalized patients in hospitals or nursing 
facilities are particularly vulnerable to exposure to artificial light at night 
because 24 hour nursing activities require constant lighting. Circadian 
disruption is already a factor in the natural aging process, as the melatonin 
rhythm decreases in amplitude and sleep becomes more fragmented. This 
is further exacerbated by mistimed light exposure.
 In a cohort of 857 institutionalized individuals, exposure to light at 
night was linked to insomnia and poor sleep quality, which contributed  to 
depressed mood. Depressed individuals averaged more than 5 lux of light 
at night and more than 30 min of nightly exposure, compared with only 
0.8 lux in the non-depressed group. Depressive symptoms did not appear 
to correlate with melatonin concentrations. If it is feasible for a given 
situation: timing light exposure to a more appropriate circadian phase 
is a supported strategy to reduce depression among the institutionalized 
population. Among patients with dementia, sleep consolidation and 
behavioral disorders were improved by morning light therapy, further 
proving that light is a powerful disruptor or synchronizer depending on 
the timing. It is also apparent that lack of exposure to bright light during 
the day will contribute to negative mood changes. In one study, women 
who had a window in their work space were exposed to higher light 
levels during the day and thud reported better sleep and lower depressive 
symptoms than women working in similar jobs, but without regular 
window access.
 Much of the evidence for effects of aberrant light exposure on 
the brain has arisen from studying model organisms, including rodents. 
Many rodent species are nocturnal, unlike humans, meaning that exposure 
to light at night occurs during their active and awake phase. Indeed, 
some effects of nighttime light are likely attributed to sleep disruption in 
humans, but studies using nocturnal species show that it is not the only 
cause. This demonstrates that melatonin suppression by nighttime light 
is not the only mechanism, but still may be an important contributor in 
humans and a potential point of intervention[V]
 Evidence suggests both direct and indirect connections between 
artificial light at night and mood regulation. Errant light exposure directly 
affects mood through [VI]ipRGC projections to brain regions involved in 
generating emotions. [VII] 
 n addition, there are several indirect pathways affected by light 
at night that may contribute to mood disturbances. A host of behavioral 
and brain changes are involved in mood disorders, including disruption 
of sleep, brain plasticity, neurotransmission, hormone secretion and 
gene expression. All bodily processes are to some extent under circadian 
control and thus vulnerable to disruption by environmental influence 
and fluctuations in daily rhythms. Given the sensitivity of the molecular 
clock to the timing, intensity and spectrum of illumination; artificial light 
at night can cause serious circadian and physiological upset. Exposure to 
light at night is prevalent throughout life, beginning in early childhood 
and extending into old age. This chronic level of nighttime light exposure 
that exists now is unprecedented. A growing body of research supports 
the assertion that nighttime lighting is disruptive to mood regulation and 
circadian cycle of humans the lifespan.
 V Studies in diurnal Nile grass rats have attempted to overcome this difference. Another important 
difference between humans and rodents is the production of pineal melatonin. Although both 
nocturnal and diurnal species produce melatonin during the dark phase, certain inbred laboratory 
strains of mice have no detectable pineal melatonin rhythm at all. Studies performed using C57bl/6 
mice (no detectable pineal melatonin) versus Siberian hamsters (robust pineal melatonin rhythm) 
have reported similar effects of light at night on affective responses. 
VI Intrinsically photosensitive retinal ganglion cells (ipRGCs), also called photosensitive retinal 
ganglion cells (pRGC), or Melanesian-containing retinal ganglion cells (mRGCs), are a type of 
neuron in the retina of the mammalian eye. The presence of ipRGCs were first noted in 1923 when 
rod-less, cone-less mice still responded to a light stimulus through pupil constriction, suggesting 
that rods and cones are not the only light-sensitive neurons in the retina. It wasn’t until the 1980s 
that advancements in research on these cells began. Recent research has shown that these retinal 
ganglion cells, unlike other retinal ganglion cells, are intrinsically photosensitive due to the presence 
of melanopsin, a light-sensitive protein. Therefore they constitute a third class of photo-receptors, in 
addition to rod and cone cells
VII Mice exposed to an alternating cycle of 3.5 h light and 3.5 h dark, which does not significantly 
affect cycling clock gene expression or sleep, developed behavioral symptoms reminiscent of 
depression. Mice lacking the melanopsin gene were protected against such depressive responses, 
suggesting the behavioral changes occurred because ipRGCs project either directly or via the SCN to 
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550 - 450 nm:
Regular exposure is considered 
good of the body: genrating 
balanced hormonal production
450 > ~ nm:
Over exposure is associated with 
macular degeneration, and 
frequently overstimulates the 
human body and disrupts natural 
circadian rhythms
300 nm
 Childhood and adolescence experience twice as many periods of 
errant light exposure and are more susceptible to the effects of exposure to 
light at night. Children commonly sleep with night lights and adolescents 
tend to stay up late at night using electronics. A 2002 survey found that 
only 8% of young people aged 2–18 slept in complete darkness. Exposure 
to light at night affects the circadian chronotype of these individuals. 
Adolescents living in dense, urban areas with high levels of outdoor 
illumination have developed evening-oriented chronotypes more often 
than those living in darker, rural areas, as do adolescents with more 
evening use of electronics.  
 Compounding the tendency to stay up later, young people tend 
to be more sensitive to the melatonin-suppressing effects of light at night 
than adults. Research efforts have focused on determining the long-term 
effects of circadian disruption by light at night during early life, as studies 
in rodents suggest there are long-lasting consequences of exposure.
 Mice exposed to dim light at night during the first 3 weeks of life 
had increased anxiety as adults. Rats exposed to constant bright light in 
early life also displayed permanent changes in emotionality, but they were 
protected against developing depressive-like behaviors when exposed to 
constant light again as adults. Considering the widespread exposure to 
nighttime light in early life, these results encourage the notion that some 
humans may be genetically inclined to or trained for reverse circadian 
rhythms.
 Among the adult population of developed societies, 20–30% of 
individuals are engaged in shift work that exposes them to light at night on 
a chronic or rotating basis. Studies repeatedly link shift work to symptoms 
of depression. Workers exposed to shift work are more than four times 
more likely to suffer depressive episodes, 
[Fig. 22]
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with prolonged shift work of more than 20 years resulting in increased 
lifetime risk of major depression and heart disease. Even a single night of 
shift work among student nurses caused changes in mood.
 Multiple components involved in night shift work may affect mood, 
including exposure to light and sleep disruption. However there is evidence 
that appropriately timed bright light therapy can improve mood in shift 
workers. Restricting light exposure to the night and maintaining darkness 
during the day allows workers to adapt to a reversed circadian cycle, which 
has improved alertness and cognition in studies.
 Unfortunately, maintaining a reversed circadian cycle is difficult 
under typical circumstances, as workers revert to a standard cycle on 
weekends or off days, which disrupts their circadian function as if they 
were a day worker being shifted to night shift. Exposure to as little as  
30 minutes of bright light (>3000 lux) during the work shift improved the 
mood of night shift nurses in one study, but this is a short-term effect that 
will not solve or disband the symptoms of depression resulting
from long-term night shift work. There are individual variations in 
sensitivity to light at night, just as there are individual variations in 
circadian cycle timing, these differences are related to mood. As described 
earlier, all individuals living in North America or Europe are exposed to 
nightly light pollution and suffer varying degrees of ill effects as a result. 
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times more common in women 
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spectrum as men.
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On average, men are four times 
disorders than women. 
[Fig. 23]
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attention to tasks. Accidents and falls are commonly associated with 
Undiagnosed hearing loss which can be linked to excess mortality. Noise 
induced hearing loss is a public health problem, it is estimated 1.3 billion 
people are affected by hearing loss. The CDC lists noise-induced hearing 
loss is the 13th highest contributor to years lived with a disability (YLD). 
76% of hearing loss is non-disease related and are attributed to noise 
related loss. 
 A change in sound perception, tinnitus, which commonly 
manifests as ringing in the ears or the environment sounding muffling 
not attributed to an external source often follows prolonged exposure 
to high sound pressure. Tinnitus affects quality of life through causing 
sleep disturbances, depression, or poor attention span. Although trivial in 
nature, annoyance is a major symptom of audio noise fatigue. Annoyance 
results from noise interfering with daily activities, feelings, thoughts, and 
rest cycles and is accompanied by negative responses like anger, depression, 
and exhaustion.  All effects are relative to variables such as age, and noise 
sensitivity. Situational environmental factors such as building construction 
and insulation factors which will affect individual degrees of annoyance 
and efficacy of resistance. 
 In addition to tinnitus and less threatening ailments, over exposure 
to environmental noise has been linked to cardiovascular effects and the 
manifestation of diseases including hyper tension, ischaemic heart disease, 
and strokes. Acute exposure to different kinds of noise is associated with 
the arousal of the autonomic and endocrine systems. Repeated studies 
revealed a causal relationship between noise exposure and increased 
blood pressure and heart rate. Emotional distress is a large component 
contributing to the decline of health of building occupants and is brought 
on by both perceived and non-perceived discomfort. The discomfort 
caused by unbalanced stimulus is the result of upset homeostasis or 
allostatic load. Allostatic load affects the metabolism and the
Understanding how Sound Affects the Body:
 Humans are programmed to be aware of sound at all levels as 
possible sources of danger. Noise is defined as unwanted sound and as such 
is classified a pollutant whose effects on human health has been neglected 
. Despite the ability to precisely measure or calculate exposure from peak 
levels or energy averaged over time. Although people habituate to noise 
exposure patterns, the degree of habituation differs case to case and person 
to person. It is not until exposure to noise is chronic and exceeds safe 
parameters that negative health outcomes become apparent. 
 Negative health effects from errant noise were first studied and 
recognized in occupational settings such as weaving mills where high levels 
of noise exposure are also linked to hearing loss. Occupational noise is 
the most frequently studied kind of noise exposure. Since noise research 
has expanded and become more rigorous it has expanded to encompass 
what is now referred to as social noise. Social noise is that which is 
experienced in bars and restaurants, music players, and environmental 
noise. Environmental noise is that which is generated by road traffic, rail 
traffic, air traffic, and construction. Errant noise exposure, especially at 
high levels has been linked in contemporary research to non-auditory 
ailments including annoyance, sleep disturbances, cardiovascular disease, 
and cognitive impairment. The health effects of noise from entertainment 
venues and from neighbors are non-conclusive, but are linked to 
generating subconscious environmental stressors and thus negatively 
impacting occupant health. One can draw a linkage between attributed 
sounds affect one’s response to it. For example, a construction worker will 
respond differently to construction site noise than someone not normally 
subjected to it. When subjected to similar sounds on a regular basis for 
extended periods the auditory processing center of the brain creates a filter 
that allows the straining of sounds so that it can focus on other sounds as a
way to maintain safety by letting the brain focus on unfamiliar sounds.
Noise is a pervasive threat to the urban environment, especially as areas 
of refuge and quiet are increasingly hard to find. It is estimated that 
about 54% of people living in areas with more than 250,000 inhabitants 
are exposed to road traffic noise averages of 55bd daily for most of each 
twenty four hour cycle. This is thought o be risky to one’s health and as 
such requires understanding of environmental and occupational noise to 
understand how to combat noise pollution in defense of public health. 
Hearing loss and its effects:
 Noise is the foremost preventable cause of hearing loss. Hearing 
loss  is typically resultant from either a one-time episodic exposure like 
an explosion, or sustained or long-term exposure to sound pressures of 
75 decibels or greater in urban and industrial areas. The core pathological 
feature of noise-induced hearing loss is the loss of auditory sensory cells 
in the cochlea. Once lost, these cells do not regenerate in mammals, thus 
the damage is irreparable without mechanical assistance. Preventative 
maintenance is the only way to avoid noise induced hearing loss. Auditory 
cell death and loss directly leads to cognitive and social impairment and 
thus impairs the ability of a person to navigate a space, especially in high 
activity zones where sounds could cue a person to incoming danger such 
as an oncoming car or bus. This points to larger urban ecology problems 
outside th scope of this thesis, however the over auditory stimulation 
and hearing loss can be mitigated by limiting the over exposure within 
spaces, which for this thesis will be studied through the lens of dwellings, 
sleeping units, and private domiciles. Hearing loss leads to the inability 
to understand speech in everyday situations and can have sever social 
implications leading to further psychological and physiological damages 
when noise is not mitigated properly. Hearing loss or desensitization has 
been directly linked to decreased cognitive performance and decrease 
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Cardiovascular system by altering blood pressure, glucose levels, and blood 
viscosity. These minor effects can lead to larger events like myocardial 
infarction, stroke, or anyurism. When environmental demands out pace 
internal equilibrium the overall coefficient of stress increases until the 
source has been brought more in balance with what the body can sustain. 
Cognitive performance:
 The WHO estimates that roughly 45,000 disability-adjusted 
life-years are lost every year in high income western countries among 
children under 19 years old as a result of environmental noise exposure. 
Children and young adults affected by noise pollution suffer from 
difficulty communicating, impaired attention, increased mental arousal, 
learned helplessness, frustration, noise annoyance, and difficulty sleeping. 
Investigations into the effects of noise pollution suggest that children and 
young adults are most susceptible to noise pollutions ill effects because 
the brain at younger ages has not developed coping mechanisms. People 
living within high environmental noise pollution suffer higher risk of 
social depravity and as  a result develop other mental illnesses and do more 
poorly on standardized cognition testing versus children and young adults 
that live in areas with relatively less environmental noise pollution. 
 
 Effects on Sleep:
Noise peaks at 55 Decibels and above inhibit sleep stage progression 
beyond a light sleep or wake an occupant completely. Sleep interruptions 
are a major contributor to the cognitive function determent and noise 
annoyance of occupants. Prolonged sleep detriments will lead to other 
more serious ailments as well such as heart disease, anxiety, myocardial 
infarction, or hyper tension. Ultimately the design goal should be to keep 
ambient sound pollution or exposure, especially in evening times below 45 
decibels to avoid sleep disruptions and their side effects.
How Architecture can Respond:
 The WHO has conducted many studies across a wide variety 
of countries and socioeconomic zones that have shown environmental 
noise exposure has a definite negative effect on cognitive performance 
manifesting in poorer reading ability, memory, and testing performances. 
The conclusion can be made that architecture can address these issues 
through better sound isolation and acoustic mitigation. Mitigating 
environmental noise pollution through multi-textured surfaces, non-
parallel surfaces, and organic shapes and sound absorbing panels as well. 
As interior planters and foliage. Simply including irregular shapes or softer 
surfaces can cut noise pollution and sound travel by up to 50% or more. 
Photo courtesy of ArizonaCorporate interiors.
people feeling exposed with no sense of privacy. The utter sameness and 
homogeneous nature of all the interior finishes leads to poor legibility and 
cohesion of space which contributes to declining health of occupants.
Photo courtesy of GIK Acoustics. 
 Unlike the previous sample which would function poorly in an 
acoustic measure, this space takes advantage of non-parallel surfaces 
and softer surface material such as wooden floors and softly upholstered 
furniture. There are a variety of items that block typical axial acoustic wave 
travel. In spaces like restaurants and offices the social and environmental 
noise must be controlled in order to advance the health of the occupants 
and environment itself. Areas like restaurants and offices suffer from 
extremely high back ground noise that generally lasts all day 
The image above represents a poor attempt to mitigate sound and keep an 
office space in a high rise healthy and chique. A classic example of valuing 
appearances and cost effectiveness over higher function. The polished 
concrete slab, stark white and glass parallel surfaces lead to sounds 
resonating and reflecting through a space and compound the effects of 
what would otherwise be white noise in an office environment. The slab 
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The Shot-Gun Typology  New Orleans architectural historian Samuel Wilson, Jr. influentially 
suggested that shotgun-style houses originated in the Creole suburbs 
(faubourgs) of New Orleans in the early 1800s. He also stated that the 
term “shotgun” is a reference to the idea that if all the doors are opened, a 
shotgun blast fired into the house from the front doorway will fly cleanly 
to the other end and out at the back. Alternatively, folklorist and professor 
John Michael Vlach has suggested that the origin of the building style 
and the name itself may trace back to Haiti and Africa during the 18th 
century and earlier. Vlach claimed the name may have originated from a 
Dahomey Fon area term ‘to-gun’, which means “place of assembly”. The 
description, probably used in New Orleans by Afro-Haitian slaves, may 
have been misunderstood and reinterpreted as “shotgun”. Citing Vlach, 
James Deetz claimed archaeological support for an African origin in his 
dig at Parting Ways, a 1790s community of freed black slaves in Plymouth, 
Massachusetts; his shotgun interpretation of the extremely limited 
evidence – two rooms that “may or may not have been unified” – has 
been challenged as “premature”. Vlach’s theory behind the earlier African 
origin is tied to the history of New Orleans. In 1803 there were 1,355 free 
blacks in the city. By 1810 blacks outnumbered whites 10,500 to 4,500. 
This caused a housing boom. As many of both the builders and inhabitants 
were Africans by way of Haiti, Vlach maintained it was only natural they 
modeled the new homes after ones they left behind in their homeland. 
Many surviving Haitian dwellings of the period, 
 Including about 15% of the housing stock of Port-au-Prince, 
resemble the single shotgun houses of New Orleans. The shotgun house 
was popularized in New Orleans, and, as Fred Kniffen documented in 
a statewide survey of Louisiana house types in the 1930s, the greatest 
number are found dispersed from there in a manner that supports the 
diffusion theory. The style was definitely built there by 1832, though there 





 The rooms of a shotgun house are lined up one behind the other, 
typically a living room is first, then one or two bedrooms, and finally a 
kitchen in back. Early shotgun houses were not built with bathrooms, but 
in later years a bathroom with a small hall was built before the last room of 





  Chimneys tended to be built in the interior, allowing the  
front and middle rooms to share a chimney with a fireplace opening in 
each room. The kitchen usually has its own chimney. Other than the basic 
floor layout, shotgun houses have many standard features in common. 
The house is almost always close to the street, sometimes with a very short 
front yard. In some cases, the house has no setback and is actually flush 
with the sidewalk. The original steps were wood, but were often replaced 
with permanent concrete steps
 The construction of shotgun houses slowed and eventually 
stopped during the early 20th century. The increased affordability of two 
technological innovations, the car and consumer air conditioning units, 
made the key advantages of the shotgun house obsolete to home buyers. 
After World War II, shotgun houses had very little appeal to those building 
or buying new houses, as car-oriented modern suburbs were built en mass.
Few shotgun houses have been built in America since the war, although the 
concept of a simple, single-level floor plan lived on in ranch-style houses.
 The surviving urban shotgun houses suffered problems related 
to those typically facing the inner city neighborhoods in which they 
were located. The flight of affluent residents to the suburbs, absentee 
owners, and a shortage of mortgage lenders for inner-city residents 
led to the deterioration of shotgun houses in the mid- and late 20th 
century. Confusing ownership, passed down within a family over several 
generations, also contributed to many houses sitting vacant for years
 Elements of the shotgun style have recently been seen in a number 
of the compact, low-occupancy structures employed in the Solar Decathlon 
contests held periodically in Washington, DC. While some are erected 
from panels brought to the site, many such structures consist of enclosed 
single or multiple units designed specifically for road transports, with 
multiple modules connected on site, and compact linear structures often 
employ multiple-use “zones” rather than specifically private areas, while 































The basic shot-gun begins with a long rectangular volume of function.
An analysis of internal functions represented with relative color and size 
based on function highlights the off center ambulation axis and historical 
focus on the stoop or main living space. 
Intervening by enlarging the stoop and living spaces facilitates a higher 
degree of social interaction as well as allowing for more vistas that are 
generally disallowed due to proximity to other row housing.
Adapting the Shot Gun similarly to a camel back shot gun almost doubles 
the volume of conditioned space without affecting the site usage efficiency 
and will also give occupants greater access to the necessary variables of 
light, natural involvement , and spatial hierarchy. Boosting the natural 
cyclical sunlight and exposing the interior to diurnal shift is a critical 
component missing from generalized shot gun home design.   
Further Pushing the typology to open up the sky for lighting, air, and 
spatial hierarchy is another method to provide affordances of privacy, and 
control to the occupants while also adding a considerable volume to the 

















 Adding extra windows to the under utilized main circulation 
opens up the home to better natural lighting in an area usually devoyed 
of any. Allowing skylight access would allow this to happen in row house 
scenarios
 Adding skylights affords experiential qualities to an otherwise 
underutilized space and grants a sense of welcome when entering the 
building
 A move as simple as eliminating the traditional wall 
between circulation and living space would lead to more than 
50% of the floor plate being sunlit for at least 6 hours in most sub 
tropical latitudes
KITCHEN
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 If one wished to expand occupant capacity to include a second floor 
or mezzanine with high windows it could open the opportunity for passive 
heating solutions through tromb wall systems given a central wall would 







 The 20th-century ranch house style has its roots in North American 
Spanish colonial architecture of the 17th to 19th century. Ranch homes use 
single-story floor plans and locally available materials in a simple style to 
meet the needs of their occupants. Walls were often built of adobe brick 
and covered with plaster, or more simply used board and batten siding. 
Roofs are low and simple usually a 4/12, and usually have wide eaves to 
help shade the windows from the Southwestern heat and keep the walls 
dry. Ranch style homes often have interior courtyards (traditionally) which 
are surrounded by a U, L, or even O shaped floor plan. Large Porches 
and portico are common in southern builds as another layer of heat gain 
control. Low slung, thick-walled, working ranch style homes are common 
in the southwestern United States.
Era of Popularity:
 By the 1950s, the California ranch house developed by Cliff May, 
was simply called ranch house or rambler house, accounted for nine out 
of every ten new homes built in that decade. The endless possibility for the  
style to adapt to accommodate individual needs combined with the very 
modern inclusion of the latest in building developments and simple low 
cost of the design, satisfied the needs of the time. Ranch houses are now 
built throughout the US and are usually given regional face-lifts to suit 
regional tastes. The Colonial Ranch”of the Midwest and Northeast is one 
more popular variant, adding American Colonial features to the facade of 
the California ranch house. Ranch houses of the 1940s and 1950s are more 
deliberately themed in nature than those of the 1960s and 1970s (which 
began to focus on cost cuts and production speed), with features such as 
dovecotes, Swiss board edging on trim, and generally western and even 
fantasy trim styling. From the mid 1960s until the 80’s, the ranch house 
was tied into national trend towards sleek n’ chique in design, with the 
homes becoming even more simple and generic as this trend continued.
Decline:
 Americans Quicly changed what they wanted from residential 
architecutre in the early 1970’s as a move away from Modernism 
developed and ranch houses faded in favor of more formal and traditional 
stylizations. Builders of ranch homes began to cheapen construction of the 
houses to cut costs, and speed up production eventually reducing the style 
down to a bland and uninteresting shell of a house with little to no charm 
that the earlier builds carried. By the early 80’s, the ranch house was no 
longer the house of choice, and had been eclipsed by neo-eclectic tyle in 
the early 90’s. Very late custom ranch houses of the later 1970s themselves 
begin to exhibit features of the neo-eclectics, such as dramatically elevated 
roof-lines, grand entryways, and traditional detailing. These neo-eclectic 
houses continued many of the lifestyle features of the ranch house thast 
interested people in the earlier period, such as open floor plans, attached 
garages, eat-in kitchens, and built-in patios,  
though their exterior styling typically owes more to northern Europe or 
Italy or 18th and 19th century house styles than the ranch house. Neo-
eclectic houses also have a significant level of formality in their design, 
both externally and internally, the exact opposite of the typical ranch-style 
house. Additionally, the increase in land prices has meant a corresponding 
increase in the number of two-story houses being built, and a shrinking of 
the size of the average lot; both trends inhibit the traditional ranch house 
style. Ranch style houses are occasionally still built today, but mainly in 
the Western states and, usually, as individual custom passion projects or 
restoration attempts.
Revivla of interest:
 Beginning in the late 1990s, interest surged again for the ranch style 
house. The renewed interest in the typology is mainly focused on existing 
houses and neighborhoods, not new construction. Younger house buyers 

























and the single story living of the house attracts older buyers looking for 
a house they can navigate and take care of easily as they age. The houses’ 
uniquely American heritage, being an indigenous design, has furthered 
interest as well. The houses’ simplicity and unpretentious nature, in marked 
contrast to the more dramatic and formal nature of neo-eclectic houses, 
makes them appealing for some buyers. The more distinctive ranch houses, 
such as modernist Palmer and Krisel, Joseph Eichler and Cliff May designs, 
as well as custom houses with a full complement of the style’s features, are 
in particular demand in many markets. Many neighborhoods featuring 
ranch-style houses are now well-established, with large trees and often with 
owner modifications that give these sometimes repetitive styles individual 
character. As these houses were mainly built in the time frame of 1945 
to 1970, they are modern in their infrastructure; their heating/cooling 
systems, wiring, plumbing, windows, doors, and other systems can all be 
easily repaired and upgraded.
 Small-scale tract building of ranch houses ended in the late 1970s 
and early 1980s. One large exception to the fade out of ranch homes in 
the US was a tract of ranch-style houses briefly built on Butte Court in 
Shafter, California in 2007/08. These houses borrowed their style cues 
from the 1950s Western styled ranch houses, with board and batten siding, 
dovecotes, large eaves, and extensive porches. All houses in this tract were 
on 1/4-acre lots, and had their front garages turned sideways so that the 
garage doors were not dominating the front of the house.
 Incorporating Affordances The Ranch Typology:
The basic Ranch begins with a Two Rectangular volumes than intersect 
An analysis of internal functions represented with relative color and size 
based on function highlights the off center ambulation axis and historical 
focus on the stoop or main living space. 
N 
Rather than keeping the natural involvement outside in the court yard, it 
can be woven into the design trough transition spaces and the circulation 
in temperate regions
Moving the circulation to more central areas can afford better vistas to 
both sides of rooms, while allowing more seamless social interaction in 
rooms. Each room can now function as transition space, as well as social 
refuge. 
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Adding a skylight over the circulation takes advantage of not only the 
vistas and natural involvement in the courtyard, but allows light to come 
from above.  
N 
Moving the circulation to the outside of the house when laid out in the 
Traditional L shape adds acoustic mitigation from possible road noise and 
open the program into controlled environment.  
N 
Slightly angeling exterior facades or even shortening connected 
diaphragms decreases the resonance potential of a building and can 
sharply decrease the effects of errant and disruptive sound pollution 
N 
Giving the courtyard area an obtuse opening slightly greater than 90 but 
less than 100 degrees can reflect sound outward and make the courtyard 
feel more quiet we well as presenting potential for better views from 








views out views out 
Adding skylights affords experiential qualities to an otherwise 
underutilized space and grants a sense of welcome when entering the 
building. Centralizing circulation in some program spaces allows for 







Allowing natural involvement to penetrate the structure generates a 
threshold condition between general areas of program.
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FAMILY ROOM KITCHEN












The American Foursquare is an American house style that was popular 
from the 1890s to the 1930s. It was a counter culture and technological 
reaction to the ornate and over-produced elements of the Victorian 
and similar Revival styles popular throughout the later half of the 19th 
century, the American Foursquare is plain and simple, often incorporating 
handcrafted woodwork unless purchased from a mail-order catalog. The 
four-square style incorporates elements of the Prairie School and Frank 
lloyd Write’s return to craft and subsequent invention of prairie style and 
the Craftsman styles.
 The key features of the four-square style include square, boxy 
design, two of two and a half stories of usable space, usually with four large 
rooms to a floor, a center dormer, and a large front or wrap around porch 
with wide stairs. The box shape provides a maximum amount of interior 
room space in order to take most advantage of a smaller city site than other 
more space consuming typologies. Other common features included a 
hipped roof, arched portals between rooms, built-in casework as well as 
custom details crafted on a per-house basis
 
This gave the typology very efficient and flexible layout, with a bedroom 
in each corner and a centralized bathroom and stairway. The top floor was 
generally just a big open space with one to four dormers. Large tracts of 
these homes exist in older Midwestern urban neighborhoods, particularly 
streetcar suburbs, but the design was used everywhere.
 As with other styles in streetcar suburbs, it was tailored to relatively 
small lots, and was multi-story, allowing twice as much square footage with 
a smaller footprint. The American Foursquare style has been occasionally  
revived in newer developments, however its appeal is only skin deep 
as buyers generally go for a traditional look rather than an authentic 
recreation of the typology, these adaptations usually have modern two-car 
attached garages and other features absent in originals, and are typically 
built on larger lots.
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Having establish the scalar nature of adding affordances to a design and 
the relationship of added cost versus added value though wellbeing and 
stable income the designer is free to intervene. Some of the most basic 
affordances can be represented as follows in terms of foursquare typology:
Historically, Foursquare typology relies on large windows in each room to 
provide lighting and ventilation as well as need natural involvement. If we 
abstract the previous 3D representation to plan we see how the typology 
completely reverses its main focus without losing the value of the previous 
set up. One Can add the affordance of interior garden without losing the 
typological DNA of a four Square simply adding value. Regardless of shape, 
the same concept can be applied to the typology without reinventing the 
proverbial wheel by simply adding or adapting existing elements to add 
value to the space by generating affordances within a given typological 
DNA.
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 Incorporating Affordances The Ranch Typology:
The basic four Square begins as a layered cube of function
An analysis of internal functions represented with relative color and size 
based on function highlights the central axis foyer as prime location for 
intervention. 
We can assume now that the increase in accessable lighting is a scalar effect 
and will scale with the available light until it becomes harmful in volume
Intervening with a large slice along the central axis of the strucutre allows 



















using elemental design strategies, the over stimulation of light can be easily 
controlled. Taking into account time of day, a designer can control the 
amount of light let into a given spatial typology which if done correctly will 
correspond to daily usage patterns and hence the learned circadian rhythm 
of the occupant. 
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